Concomitant fungal and bacterial atlanto-axial osteomyelitis in immunocompetent individuals is rare. We report one such patient who underwent transoral anterior decompression and posterior occipital cervical fusion, together with antibiotic and antifungal treatment. At 16-month follow-up, the patient had made a full recovery with solid fusion. Prompt diagnosis requires a high degree of clinical suspicion, with timely use of modern imaging modalities. When the diagnosis is early, antibiotic treatment alone should suffice.
INTRODUCTION
Bacterial osteomyelitis of the atlanto-axial vertebrae accounts for only 3 to 4% of all spinal infections. 1 The condition has become more prevalent, owing to ageing of the population and the increased proportion of immunocompromised patients. 1 Spinal infection involving both mycobacterium tuberculosis and pyogenic bacteria has been reported. 2, 3 Fungal infection of the spine is rarer; most such patients are immunocompromised. 4 We report a case of concomitant fungal and bacterial osteomyelitis of the atlanto-axial joint.
CASE REPORT
In January 2008, a 58-year-old man presented with sudden onset of right upper-limb weakness and neck pain, together with difficulty in urinating. He had no history of injury or recent travel abroad or infection. The patient had a 2-month history of progressive neck pain, particularly at night. Radiographs of the cervical spine taken one month earlier elsewhere showed no abnormalities, with the exception of slight thickening of the pre-vertebral soft tissue.
The patient was afebrile and had mild tenderness over the posterior upper cervical spine. Loss of motor power was noted in the right upper limb. Per rectal examination revealed lax anal tone. Radiography of the cervical spine showed a blurred anterior border of C2 and thickening of the pre-vertebral soft tissue (Fig.  a) . Blood tests showed mild leukocytosis (12.2 x10 9 /l) and thrombocytosis (539 x10 9 /l). The erythrocyte sedimentation rate and C-reactive protein were elevated to 112 mm/h and 118 mg/l, respectively.
Computed tomography and magnetic resonance imaging of the cervical spine revealed destruction of the atlas and dens, and severe cord compression at the cranio-cervical junction (Fig. b) . A 5x3 cm contrast enhancing soft-tissue mass was shown, extending from the cranio-cervical junction to the C2 vertebra. In view of the acute cord compression, surgery was undertaken 2 days after admission. This involved anterior trans-oral decompression, followed by posterior instrumented occipital-cervical fusion, supplemented by halo brace immobilisation. Intra-operatively, the dens was noted to have been destroyed.
Frozen section showed acute-on-chronic inflammation, with Gram-positive cocci identified. The patient was treated empirically for pyogenic spondylitis with ceftazidime. Scanty Staphylococcus aureus was cultured from tissue sampled, and antibiotic regimen was changed to intravenous cloxacillin and clindamicin for 6 weeks.
One week after surgery, histopathological examination showed patchy acute-on-chronic inflammatory infiltrates. Grocott staining highlighted many tiny fungal organisms, with features suggestive of Penicillium marneffei. However, no positive fungal or acid-fast bacilli culture was obtained after one month.
After consulting the pathologist and infectious disease specialists, the presumed P marneffei infection was treated with 4 weeks of intravenous amphotericin B, followed by 18 weeks of oral intraconazole. Close monitoring of renal function during the course of amphotericin B revealed persistent hypokalaemia, which required frequent replacement therapy. There was no significant deterioration in renal function.
Serological examination, including HIV-antibody testing, showed no features of immunodeficiency. The halo brace was removed at 12 weeks. At 5-month follow-up, the patient had made full recovery of power, with mild numbness over his right hand. No myelopathic hand signs were elicited. At 16-month follow-up, radiographs showed solid fusion, without loosening of the implant (Fig. c) .
DISCUSSION
The diagnosis and treatment of fungal infection of the spine is often delayed, 4 as clinical suspicion is often low, particularly in immunocompetent individuals. Early infection of the atlanto-axial junction is difficult to diagnose, as symptoms are usually vague and variable, and radiographs usually show overlapping shadow of the occiput, maxillary sinus and dental artefacts. 5 When the diagnosis is early, antibiotic treatment alone should suffice 1, 6 ; otherwise, surgical drainage is needed. Prompt diagnosis requires a high degree of clinical suspicion, with timely use of modern imaging modalities. Opinion from an infectious disease specialist is necessary, as antifungal treatments are often prolonged, and antifungal agents may be toxic.
In our patient, no positive fungal culture was obtained. Fungal organisms are slow growing and are difficult to identify by culture. 7 Therefore, histopathological examination is important to obtain the correct diagnosis. 
